Abstract: This paper observe multi-period multi-product production planning problem in make-to-stock production environment with limited production capacity. Such problem is identified in Fast Moving Consumer Goods industry. The goal was to develop an algorithm for supporting dynamic production triggering decisions in relation with two supply chain key performance indicators: stock cover and customer service level. The presented approach is applied to a real example in several scenarios based on different decision criteria.
Introduction
Manufacturing companies that operate in markets with changing demand are often faced with the problem of insufficient supplies of finished products. Constant fluctuations in demand and the required financial investments are influencing the decision concerning the expansion of the production capacity. Until the production capacity is actually increased, the manufacturing company has to meet the growing demand of the market with its existing production capacity.
As customer orders are received periodically and production capacities are often insufficient, it is necessary to make a choice of products which will be produced in each period. In circumstances of reduced uncertainty, it is possible to use exact methods for planning customer satisfaction by cycle, when trends in demand are predictable over a longer period of time. However, in real life this is not the case, as demand is a weekly phenomenon which requires dynamic decisionmaking. Therefore, in this paper we propose an algorithm for production planning in which decision on triggering new production is based on two supply chain key performance indicators (KPI): customer service level and stock cover. This paper is organized in six sections. Next section describes related work with conceptual foundations. Problem description with relevant notation is presented in section tree. Heuristic algorithm for inventory planning is given in fourth section. In fifth section, numerical results with case study are described. Last section is dedicated to conclusions of the research. 712 D. Makajić-Nikolić, S. Babarogić, D. Lečić-Cvetković, N. Atanasov system according to [7] is the most important factor in achieving good delivery performance and demand satisfaction in supply chain. This fact represents one of important reason to focus more on customer service as external performance, once when internal performance is already achieved on certain level.
As recognized by Shen and Daskin in [13] major cost factors associated with designing and managing a supply chain are the facility location costs, the inventory management costs, and the distribution costs, and always should be considered jointly and integrated with customer service goals. Customer service was recognized as key measure of performances within production companies according to [9] and very well described by [11] . Overall managerial question in supply chain is to determine a cost-effective customer-service level in correlation with profits and associated costs, what lead to question: Which service level will satisfy customers and what level of inventory is required? Jeffery et al. identified a range of models for determining service level and the appropriate level of inventory, process was carried out based on logistic regression to understand how performance of delivery are dependent on three independent variables: order lead time, errors in forecast, and variation in demand [6] . Further development of service level and customers selection in make-to-stock production environment was evaluated by [8] , while authors in [1] evaluated possibilities for maximization of customer service with limited production capacity and customer classification.
Stock cover is key performance indicator measuring length of time that available finished goods will last if forecasted consumption happens. Available finished goods ready to be delivered to customer according to identified demand are in direct correlation with customer service level. Dellaert and Jeunet [2] evaluated stock cover in relation to behavior of lot-sizing rules in a multilevel context, when forecast demand is subject to changes within the forecast window and relevant lead time. According to [12] , supply system needs to ensure adequate stock level to satisfy customers need, despite that additional stock only generates unnecessary costs, which customer has to absorb at the end. Managing customer service level and stock cover represents highly complex problem of supply chain, taking into account that these two KPIs are leading to opposite directions -high stocks assume high customer service level, and, at the same time, stock need to be minimized to deliver working capital reduction and overall company efficiency. Working capital reduction coupled with increase of sales and certain service level was evaluated by [14] through results of horizontal collaboration between supply chain members. Combined approach of managing in parallel customer service level and stocks cover was done by [3] who evaluated main obstacles in increasing pressure to reduce working capital, growing variety of products and the fulfillment of a demanding service level. Petri nets model of production planning system based on supply chain KPIs: customer service level and stock cover was presented in [10] .
Problem Description
In this paper we observe multi-period multi-product inventory planning problem in make-tostock production environment with limited production capacity. We started from a real example of Fast Moving Consumer Goods (FMCG) in Serbia. Choice of products than will be produced should be made in each period (cycle). This decision is based on two key performance indicators: Customer service level (CSL) and Stock cover (SC). The basic assumptions of the observed problem can be divided into three groups as follows.
• Customers orders assumptions:
-Customers place orders in all or almost all of the cycles; -Demand for each product is uneven and is known only for one cycle in advance; An Algorithm for Production Planning Based on Supply Chain KPIs 713 -Demand for each product represents the sum of all customers orders for delivery in given cycle;
-Decision about fulfillment is done in given cycle when all orders are received;
-Demand is fulfilled from the stock, entirely or partially, depending on the inventory level;
-Orders that have not been fully met in the reporting cycle shall not be compensated in the subsequent cycles -no reordering policy;
• Inventory assumptions:
-If the incoming customer orders in a single cycle do not exceed the available stock of finished goods, the allocation is complete and all customer orders are fulfilled, while any surplus products are stored for the next cycle;
-Inventory holding costs are neglected;
-Total inventory capacity is not limited. Therefore, inventory planning problem becomes production planning problem;
• Production assumptions:
-The production capacity is limited and constant in the entire period;
-There is no possibility for production extension in medium term planing horizon;
-Due to specific production technology requirements, outscoring with acceptable costs is not possible;;
-Lot sizes of products are different and fixed;
-Production time and costs are neglected due to homogeneity of the products;
In order to formulate the algorithm and based on the problem assumptions, the following notation will be used in the remaining of the paper:
• n -number of products;
• m -number of periods in the observed time horizon;
• mcsl -minimally acceptable customer service level;
• msc -minimally acceptable stock cover;
• l i -lot size of i-th product, i = 1, . . . , n;
• C -available production capacities in each period;
• S i -inventory level of i-th product at the beginning of the observed time horizon, i=1,. . . ,n;
• t ij -demand for i-th product in j-th period, i=1,. . . ,n, j=1,. . . ,m;
• p ij -forecast for i-th product in j-th period, i=1,. . . ,n, j=1,. . . ,m;
Forecasts are calculated using k-periods moving average:
Algorithm
The goal of the algorithm (Fig.1) is to support two-phased decision making process. The result of the first phase is a list of products that should be produced in observed period, where decision is made based on calculated KPIs (CSL and SC). In the second phase, the algorithm forms a list of products that will be produced, applying one of four defined criteria: minimal CSL, minimal SC, maximal capacity utilization and maximal number of products and taking into account the available capacities. The proposed algorithm has polynomial complexity. Using parameters defined in problem description section, the following variables are calculated in each period.
• s ij is a stock level of i-th product in j-th period, i=1,. . . ,n, j=1,. . . ,m.
• q ij -delivered quantity of i-th product in j-th period, i=1,. . . ,n, j=1,. . . ,m. The delivered An Algorithm for Production Planning Based on Supply Chain KPIs 715 quantity of each product depends on demand and stock level as follows:
• csl ij = q ij /t ij -customer service level of i-th product achieved in j-th period, i=1,. . . ,n, j=1,. . . ,m, observed as fill rate, indicates ratio between delivered and ordered quantity;
• sc ij = s ij /p ij -stock cover for i-th product provided in j-th period, i=1,. . . ,n, j=1,. . . ,m.
Based on variables values, two decisions must be made sequentially for each product in each period.
1. The first decision refers to the request for the production of the i-th product in j-th period (ds ij , i = 1, . . . , n, j = 1, . . . , m). Request for production is initiated if any of the indicators (csl ij or sc ij ) falls below the minimum value, i.e:
0 (production not requested), otherwise
As a result, a set of all products that should be produced during j-th period is obtained:
2. Since the available production capacities are limited without possibilities of extension in short term and often insufficient, the second decision is related to a choice of products that will be produced. This choice can be made using several criteria: minimal CSL, maximal number of product and maximal production capacities utilization. Let P be a set of chosen product. In the following, each of the above criteria for generating the set P will be described in detail.
Options 1 and 2 -minimal CSL and minimal SC
According to the first two criteria, the higher priority is given to the products with smaller demand satisfaction or with smaller stock cover in the previous period. These criteria should be used in the case of large variations in the customer service level or stock cover among products. For each time period j, the following procedure is applied.
Variable kpi ij represents key performance indicator csl ij (Option 1) or sc ij (Option 2) depending on chosen criteria.
The output of the procedure is the set P which contains the indexes of the products that will be produced. 
Options 3 and 4 -maximal number of products and maximal production capacities utilization
Maximal number of products can be used as criterion when company wants to cover the market with wide variety of products. When there is a large lack of capacity, maximal production capacities utilization should be used as a criterion. For each period j, these two criteria can be modeled as following knapsack problem:
where: 
. , n
After obtaining the optimal results, set of products that will be produced, P , contains all products i such that x i = 1.
Computational Results and Discussion
The algorithm has been applied on real data calculation based on 28 weeks observation, made for four products of real, medium sized Fast Moving Consumer Goods (FMCG) company. Installed production capacity is 290 units per period (week), while lot sizes are 120, 110, 170 and 50 units for products p1, p2, p3 and p4, respectively. Customers' orders are shown in Table 1 . Forecast is calculated based on three-week moving average (equation 1). Based on descriptive statistical analysis for the observed period, it can be concluded that products p2 and p3 had the highest average demand (105.18 and 110.46, respectively) but also the highest standard deviation of demand (99.81 and 87.69, respectively). In addition, these two products had three major demand peaks in the same periods (w6, w20 and w23). These facts lead us to the conclusion that production capacity will remain mean issue in the future.
Developed algorithm can be used at operational and strategic level. Operational level is related to the decision of production requesting and launching. Table 2 illustrates the operational decisions. It shows the decisions for the product p1 in the entire period when minCSL criterion is used. The first column represents the weeks of the observed period. The second and third columns give the orders and the forecasts per weeks for product p1. Columns labeled as SB and SA shows the stock level before and after product delivery while the next column gives the amount of delivered quantities. Columns CSL and SC show calculated values for customer service level and stock cover per periods. The last three columns represent the decisions about requested, confirmed and missed production, respectively. In the last row of the Table 2 , the values of total delivered quantities, average SCL and SC, and total number of production request, conformation and missing are given. Table 3 shows requesting for productions and decisions about confirmation or missing the production for all four products in the entire observed period. Abbreviation used in the Table3 are the same as in the Table 2 . In the last row total numbers of production request, conformation and missing are given for all the products. Production requests for all four products appeared in 9 out of 28 weeks and in 5 of them only two product were produced. At strategic level, a decision about the most appropriate criterion can be made using the proposed algorithm. Computational results for all observed products and all four decision criteria are given in Table 4 . Column "Delivered" represents quantities which are delivered during entire period per product. Columns "csl" and "sc" represents KPIs. The last column represents the percent of launched production requests.
The percentages of capacity utilizations for options 1, 2, 3 and 4, are 0.863, 0.857, 0.872 and 0.817, respectively. After algorithm results presentation, management of the observed company considers option 1 the most appropriate. Applying the first option (min CSL) in algorithm, the highest level of CSL and the largest quantity of delivered products are provided. As positive side effect, high level of capacity utilization is achieved even that was not included as criterion in option 1. Although the average results in the last column indicate the similar percentages of launched production requests for all four options, detailed analysis by products shows that even nearly 40% production requests for some products remain unrealized in options 3 and 4. Considering this indicator in the last column, option 1 gives the most balanced values.
Conclusions
The aim of this paper was to develop a heuristic algorithm for multi-period production planning based on supply chain KPIs: customer service level and stock cover. Analyzing FMCG company with limited production capacities, two important decisions are recognized in each period: which products should be produced (production requesting) and which product can be produced (production launching). The proposed algorithm provides support for both decisions. The first decision is based on two used KPIs, while the second decision can be made by using one of four criteria: minCSL, minSC, maximal capacity utilization and maximal number of products.
Developed algorithm was applied in real FMCG where option 1 was chosen as the most appropriate according to their business policy. However, the main advantage of the algorithm is the fact that it offers a choice among four different decision criteria based on company's business policies. It can be extended in order to generate demand forecast based on different forecasting techniques and adding new KPI: demand forecast accuracy, which will be used for evaluation of the impact of forecast accuracy on customer service level and stock cover variations.
